Introduction
. Data described in this report are available from the authors (contact information provided at the end of report). However, the imbedded sensor, a "point" measurement, would prove to be a worthwhile "sanity" check and source of data when the remote sensor(s) was not operating properly.
INTRODUCTION PAVED SURFACE TEMPERATURE MEASUREMENTS
Paved surface temperature measurements were made with inexpensive infrared sensors manufactured by Omega® and a buried copper-constantin thermocouple. The infrared sensors mimic a Type T thermocouple and have a field of view of 2 to 1. For example, a sensor 0.5 m above ground would sense over a 1m-diameter area directly below the sensor. Sensors were selected according to measurement ranges ( Table I ) that were expected to occur over the course of a given year.
An apparatus was built to house the sensors so that measurements were not influenced by solar reflections (Figure 2 ). Three infrared sensors were mounted inside the sensor head ( Figure 2 [inset] ). An additional thermistor (not shown) was installed inside the The low, medium, and high range infrared sensors were compared to a National Institute for Standards and Testing (NIST) traceable blackbody standard in laboratory conditions. Figure 4 shows the relative accuracy of each sensor (note that two of each type were tested) against the blackbody. Errors of approximately 0.1°C or less in the mid-range of the sensors were observed with higher errors near the endpoints of the sensing ranges.
The actual accuracy during field deployment is lessened by two main factors including cleanliness and misalignment of the optics. As will be shown in sections entitled, "Quality Assurance" and "Example Data Plots", the degradation of measurements became quite obvious as the sensor lenses became dirty. After cleaning, measurements improved dramatically. Misalignment of the sensors can cause the field of view to be altered such that too much reflected light enters the sensor. This can cause erroneous measurements that are not totally representative of the actual target surface. Based on these factors, the actual measured tarmac temperatures are probably within ±1°C of the actual temperature. Additionally, the imbedded copper-constantin thermocouple probably has a similar accuracy of ±1°C based on errors associated with non-representativeness of the actual measurement location (i.e. not on the surface, but slightly under the surface). At night, the infrared (barring un-
INFRARED SENSOR ACCURACY

Figure 4. Comparison of blackbody (standard) temperatures and infrared sensors of differing ranges. The solid line ("Linear (Standard)") indicates the best fit for the blackbody data.
WSRC-TR-2002-00487 Final MTI Data Report: Dahlgren Naval Surface Warfare Center (U) Savannah River Technology Center 5 clean optics) and copper-constantin measurements should be more accurate due to a lack of detrimental effects of incoming solar radiation.
The temperature measurements made with the infrared sensors must be adjusted according to the emissivity (ratio of the total radiant energy per unit area emitted to an ideal or "blackbody" radiator) of the surface being measured. After the temperature apparatus was installed, a Heiman® KT-19 radiometer with an attached cone reflector was used to characterize the emissivity of the tarmac in the vicinity of the apparatus and nearby taxiway and runway. A hand-held GPS device was used to determine approximate position and pictures were obtained with a low-resolution digital camera. Table II shows the data gathered and collected by and during this analysis, and Figure 5 shows a close-up of the tarmac under the temperature sensor.
At selected way points, measurements were made of: 1) the ground surface temperature (T h ) with the radiometer held at about a 1 m height, and 2) ground surface temperature (T c ) with the cone on the ground surface, and 3) the sky temperature (T sky ) at about 45° elevation away from the Sun. These data were used to calculate a value, which is an approximation to the surface emissivity from the following equation.
Emissivity = (T h 4 -T sky 4 ) / (T c 4 -T sky 4 )
As an example, a measured temperature of 30°C, with a sky temperature of (-40°C) and a surface emissivity of 0.95 would yield an actual ground surface temperature of 29.1°C. Note about the structure of the data file, which could be used for data parsing and analysis. The first column contains the number "127" except at 10:00 ("103") and 14:00 ("112") when different numbers are shown. At 10:00, the port settings of the datalogger ("2" means the setting is "high"), battery voltage (VDC), and panel temperature are shown. At 14:00, a blank location ("0"), port settings, and battery voltage are shown.
EMISSIVITY MEASUREMENTS
Data were compiled and reviewed for accuracy for the entire period of collection. Table IV shows the quality assurance condition of each measurement value during each month of the collection campaign. 
